In this issue, two papers implicate histone H3 lysine 56 acetylation in histone deposition in chromatin. Li et al. (2008) show that acetylation of H3K56 promotes S phase chromatin assembly that is mediated by the histone chaperones CAF-1 and Rtt106. Chen et al. (2008) establish that the acetylation mark promotes chromatin reassembly following DNA double-strand break repair.
The covalent modification of residues in the unstructured N-terminal region (tail) of histones helps modulate a variety of DNA-based cellular processes. The acetylation of specific lysine residues on the N-terminal tails of histones H3 and H4 occurs concurrently with DNA replication prior to the assembly of those histones into nucleosomes. Interestingly, histone acetylation during the S phase of the cell cycle also occurs in regions other than histone N termini, notably at lysine 56 (K56) of new histone H3 proteins. Acetylation of H3K56 (H3K56Ac) is important for maintaining genome stability, and histones with this modification copurify with the histone chaperone chromatin assembly factor 1 (CAF-1), a protein that interacts with the replication fork-associated DNA polymerase processivity factor PCNA. Yet, how H3K56 acetylation functions in these processes has been unclear. In this issue of Cell, two papers describe interrelated functions of H3K56 acetylation in chromatin assembly and DNA repair in the budding yeast Saccharomyces cerevisiae. Li et al. (2008) show that H3K56 acetylation promotes S-phase-specific chromatin assembly by enhancing the ability of the histone chaperones CAF-1 and Rtt106 to bind histone H3 and assemble it with histone H4 into nucleosomes ( Figure 1A) . Chen et al. (2008) demonstrate that chromatin assembly dependent on H3K56 acetylation has a vital role in the completion of double-strand break (DSB) repair ( Figure 1B) .
Histone chaperones play a recurring role in the biology of H3K56 acetylation. The H3K56 histone acetyltransferase (HAT) Rtt109 has been functionally linked to the two histone chaperones antisilencing protein 1 (Asf1) and CAF-1 and is also stably associated with Vps75, a histone chaperone of the NAP1/SET family. Another histone chaperone, Rtt106, functions partially redundantly with CAF-1 in a replication-dependent chromatin assembly pathway (Huang et al., 2005) , though its molecular mechanism was unclear until now. Li et al. (2008) demonstrate that in S. cerevisiae, deletion of either ASF1 or RTT109 or mutation of H3K56 was sufficient to prevent copurification of CAF-1 and Rtt106 with H3, thus indicating that H3 association with histone chaperones requires acetylation of H3K56. Indeed, the authors observed that Rtt106 or Cac1, the large subunit of CAF-1, showed stronger binding to H3-H4 acetylated in vitro by the Rtt109-Vps75 complex than to unmodified H3-H4, implying a direct interaction with K56 acetylated H3. Li et al. (2008) also use in vitro DNA synthesisdependent and -independent nucleosome assembly assays to show that H3K56 acetylation is required for H3-H4 to be assembled into chromatin by CAF-1 and Rtt106. They link these in vitro results to S phase chromatin assembly in vivo by using chromatin immunoprecipitation to show that H3K56 acetylation is incorporated into replicating DNA in a manner that is at least partially dependent on both Rtt106 and CAF-1. Because CAF-1 and Rtt106 interact physically, it is plausible that Rtt106 could function upstream of CAF-1 (Huang et al., 2005) . However, the observations that Rtt106 deposits at least some H3K56Ac-H4 histone dimers in a CAF-1-independent manner and that deletion of RTT109 does not affect the ability of Rtt106 to bind to chromatin (Li et al., 2008) Rtt106-based nucleosome assembly will need to be examined in more detail. It is possible that another histone chaperone such as the FACT (facilitates chromatin transcription) complex, which promotes nucleosome assembly during transcription and DNA replication, could function in the absence of CAF-1. Because Asf1-dependent H3K56 acetylation occurs outside of S phase at gene promoters (Rufiange et al., 2007 , Li et al., 2008 , the mark may also function in replication-independent chromatin assembly pathways. Could H3K56 acetylation be a mark found on all newly assembled yeast chromatin? The work from Chen and colleagues (2008) is consistent with this possibility and implicates H3K56 acetylation in the repair of DNA double-strand breaks, which requires DNA synthesis. In the budding yeast, detection of a doublestrand DNA break ( Figure 1B) is followed by resection of the chromatin to expose single-stranded DNA and the activation of the DNA-damage checkpoint to stop the cell cycle to allow for repair. After the DNA is repaired, the cell re-enters the cell cycle in a process termed checkpoint recovery. The Tyler laboratory previously observed that although cells deficient in Asf1 are able to efficiently repair DNA lesions caused by DNA-damaging agents, they paradoxically show a high level of lethality in the presence of these agents. Chen et al. (2008) now provide a molecular explanation for this observation. Using yeast cells specially engineered to allow observation of the different stages of doublestrand break repair at a single locus, Chen et al. (2008) make the startling finding that although cells lacking Asf1 perform normal resection, including the accompanying chromatin disassembly, and normal DNA repair, these cells are severely impaired in their ability to reassemble chromatin at the site of DNA damage after the repair process is completed. Indeed, the authors find that this defect in chromatin reassembly is temporally correlated with a defect in the yeast cells' ability to re-enter the cell cycle. Chen et al. (2008) go on to show that deletion of RTT109 results in the same defects in chromatin reassembly as loss of Asf1, thereby demonstrating that H3K56 acetylation is critical for chromatin assembly and checkpoint recovery after the repair of a double-strand break. What histone chaperone might be mediat- (H3K56Ac) is a signal for replication-coupled chromatin assembly in the budding yeast Saccharomyces cerevisiae. The histone acetyltransferase Rtt109 acetylates histone H3 at K56. In S phase, Asf1 transfers H3K56Ac-H4 to the histone chaperones Rtt106, CAF-1, or FACT for subsequent assembly into newly synthesized chromatin. Rtt106 physically interacts with CAF-1 (Huang et al., 2005) but can also function independently of CAF-1. CAF-1 functions with the DNA polymerase processivity factor PCNA to deposit H3K56Ac-H4 into chromatin, but how Rtt106 and FACT perform this function is unknown (dashed arrows). A replication-independent pathway of chromatin assembly may also exist where Asf1 transfers H3K56Ac-H4 histone dimers to another histone chaperone HIR-C. How H3K56Ac-H4 is deposited onto DNA in this case is unknown but involves Rtt106. (B) A role for H3K56Ac in chromatin reassembly during double-strand break (DSB) repair and checkpoint recovery in S. cerevisiae. DNA damage creates a DSB. The checkpoint kinase Mec1 phosphorylates histone H2A to generate γH2A within nucleosomes flanking the damage site, leading to downstream phosphorylation of Rad53 and checkpoint activation. Resection at the damage site leads to chromatin disassembly and recruitment of repair proteins. Once the break is repaired, chromatin remodeling proteins remove γH2A-H2B from chromatin and Asf1 transfers its H3K56Ac-H4 dimer to a repair-specific histone chaperone that deposits it into new chromatin around the site of the former DSB. γH2A is also dephosphorylated by HTP-C. Following these chromatin remodeling events, cells exit the checkpoint (indicated by Rad53 dephosphorylation) and resume growth. The mechanism by which γH2A dephosphorylation and H3-K56 acetylation-dependent chromatin assembly lead to checkpoint recovery remains unclear (dashed arrows).
ing this function of K56 acetylation? Chen and colleagues propose the existence of a repair-specific histone chaperone that binds acetylated H3K56 and would accept the histone dimer H3K56Ac-H4 from Asf1 for deposition into new chromatin at the repaired double-strand break. Based on the work of Li et al. (2008) , CAF-1 or Rtt106 are both excellent candidates. The mechanism by which H3K56 acetylationdependent chromatin reassembly leads to checkpoint recovery remains unclear, but Chen et al. (2008) propose that the patch of repaired chromatin bearing acetylated H3K56 signals locally for inactivation of nearby checkpoint machinery. It will be interesting to see if Rtt101/Mms1/Mms22, a protein complex that functions downstream of acetylated H3K56 (Collins et al., 2007) and rescues stalled replication machinery, also plays a role in checkpoint recovery. Dephosphorylation of γH2A (or the γH2AX equivalent in other eukaryotes) by the HTP phosphatase complex after the removal of γH2A-H2B dimers from the DNA-damage locus ( Figure 1B) is also required for checkpoint exit (Keogh et al., 2006) . Because γH2A-H2B dimers are removed in the absence of H3K56 acetylation, how γH2A dephosphorylation relates to the H3K56 acetylation mark and checkpoint exit also remains to be determined. Li et al. (2008) suggest that the specific recognition of acetylated H3K56 by CAF-1 and Rtt106 extends the "histone code" hypothesis (Strahl and Allis, 2000) to include nucleosome assembly. As the histone H3K56Ac-H4 dimers are likely to be also di-acetylated at histone H4 lysine 5 and lysine 12 as well as acetylated at histone H3 lysine 9 (Tyler et al., 1999) , it is possible that multiple marks are recognized for newly assembled chromatin by histone chaperones. It will be of considerable interest to determine whether the same combinations of marks signal chromatin deposition in different chromatin contexts such as heterochromatin, euchromatin, promoters, transcribed regions, and sites of DNA damage.
